Introduction
The well-known degree/diameter problem asks for determining the largest possible number n(d; k) of vertices in a graph of maximum degree d and diameter k. For information about the current state of the general problem we refer to 1, 5, 6, 7, 8, 14] ; in this note we focus only on the special case of graphs of diameter two. The equality in n(d; 2) d 2 + 1 (where the right hand side is known as the Moore bound) is attainable only if d = 1; 2; 3; 7 and, possibly, 57; except for the latter value, the corresponding extremal graphs K 2 , C 5 , the Petersen graph and the Ho man-Singleton graph are unique 15]. The asymptotically best lower bound on n(d; 2) can be obtained as follows. Incidence graphs associated with nite projective planes (discovered a long time ago 3] but the construction somehow did not receive an appropriate attention) give, for each d such that d?1 is a prime power, the inequality n(d; 2) We prove our main result in Section 3. In order to make this note reasonably self-contained, in Section 2 we present a very brief introduction to (regular) covering graphs in terms of voltage assignments in nite groups. A good general reference on the topic is the book 13]; a more detailed account with emphasis on the degree/diameter problem is given in 2].
Voltage assignments and lifts
Let G be an undirected graph, possibly with loops and/or parallel edges and semiedges, that is, dangling edges with just one end incident to a vertex. Each edge (inclusive loops) which is not a semiedge can be assigned one of the two possible directions; an edge with a direction is called an arc. A semiedge has, by de nition, only one possible direction (outward of the incident vertex).
In this way, every edge which is not a semiedge underlies a pair of mutually reverse arcs; the reverse of an arc e is denoted by e ? 1 Proof. Let q be a prime power of the form q = 4`+ where 2 f?1; 0; 1g.
As usual, by GF(q) we denote the Galois eld of order q. We start with identifying a few auxiliary subsets of GF(q). Let Next, we introduce our base graph G. For 6 = 0 let G be the graph obtained from a complete bipartite graph K q;q by attaching`loops at each of the 2q vertices; if = 0 then we form G by attaching 2`= q=2 semiedges at each vertex of K q;q . For convenience we identify the vertex set of G with the product GF(q) Z 2 in the natural way, that is, no two distinct vertices with the same Z 2 -coordinate are adjacent in G.
Let GF + (q) denote the additive group of the Galois eld. We now describe a voltage assignment on D(G) in the group GF + (q). We start with picking reference directions on edges of G as follows: Each loop is directed arbitrarily, and each edge joining a vertex (j; 0) with a vertex (k; 1) will be directed from (j; 0) to (k; 1). (As we know, semiedges have a unique direction.) The voltage assignment itself will be given by the following simple rules. Consider the case = 0 rst. Then, for each vertex u = (j; 0) of G, assigns to the 2`semiedges u the voltages in X in any 1{1 way. Similarly, for each vertex v = (k; 1), we assign to the 2`semiedges at v the voltages in X 0 in an arbitrary 1{1 way. (This agrees with (2) because, for = 0, all elements in X X 0 have additive order two.) If 6 = 0, then assigns to the`directed loops at each vertex u = (j; 0) the voltages in Y in any 1{1 fashion. By analogy, for each vertex v = (k; 1), we assign to the`directed loops at v the voltages in Y 0 in an arbitrary bijective way. Finally, for all , each arc e jk from a vertex (j; 0) to a vertex (k; 1) will receive as its voltage the product (e jk ) = jk. Voltages on arcs which are reverse to the above are given by (2) . Now we show that for any ordered pair of (not necessarily distinct) vertices (j; r) and (k; s) of the base graph G and for any element m of the voltage group GF + (q) there exists a (j; r)!(k; s) walk in G of length at most two and of net voltage m. We distinguish several cases. As an interesting aside, we note that the above is equivalent to the fact that the subgraph of the lift G induced by the bre above the vertex (j; r), i.e., the lift of the bouquet of the`loops or 2`semiedges at (j; r), is isomorphic to the Cayley graph C(GF + (q); X) or C(GF + (q); X 0 ), both of diameter two. In addition, observe that the union of the two Cayley graphs is the complete graph of order q, and their intersection is edgeless, or a perfect matching, or a Hamilton cycle, depending on whether = 1; 0, or ?1. In fact, for = 1 the rst Cayley graph is known as the Paley graph P(GF(q); X), which is selfcomplementary and strongly regular. 
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As regards symmetries of the lift G = H q , computational evidence using the Nauty package 17] shows that the graphs H q are not vertex-transitive for q = 7, 8, 11, 16, 27 and 32. We suspect that the latter is true in general for prime powers q 0 or ?1 (mod 4), q 7, and we do not see any easy modi cation of our construction which would make the graphs vertextransitive for these q. However, for the remaining prime powers we have the following result. It remains to show that the graphs H q are non-Cayley. This is known to be true for H 5 , the Ho man-Singleton graph, and therefore we assume that q = 4`+ 1 is a prime power grater than 5. The rest is easy. Suppose that the group Aut(H q ) contains a regular subgroup . Since (V 0 ; V 1 ) is a block system for , there is a 2 such that (V 0 ) = V 1 . Because of regularity, all orbits of must have the same (even) length, say, 2t; as jV (H q )j = 2q 2 , we see that t must be odd. But then = t is an involution such that (V 0 ) = V 1 , a contradiction.
As remarked in the Introduction, the above construction gives, for d = 7, the Ho man-Singleton graph 15]. For d = 11 and 13 we obtain graphs of diameter two on 98 and 162 vertices, which are larger than any of the previously known graphs of diameter two and degree 11 and 13 (compared with the values 94 and 136 contained in the tables of currently largest graphs of given degree and diameter in 8] or 14]). Especially, the new vertextransitive graph of order 162 is of great interest as it misses the Moore bound only by 8. For the next two degrees, d = 19 and 25, Theorem 1 yields vertex-transitive graphs of diameter two and degree d of order 338 and 578, respectively (the corresponding Moore bounds are 362 and 626).
